Study Design: Psychometric study with 2-week interval. Introduction: Musculoskeletal hand complaints are common among manual workers. Mismatch between anthropometric hand features and tasks can affect the ability to perform hand activities, with an increased risk of complaints. Although screening of these features may improve diagnosis and treatment, no validated screening tool is available. The Practical Hand Evaluation (PHE) screening tool might fill this gap, but its psychometric properties are unknown. Purpose of the Study: To test the reliability of the PHE and to explore the feasibility of item reduction of the PHE. Methods: Right-hand profiles of 117 healthy volunteers (66 women, 51 men; mean age, 22.8 years) were independently assessed 4 times by 6 couples of researchers using the PHE, twice on day 1 and twice 2-3 weeks later. Intrarater and inter-rater reliability (intraclass correlations), standard error of measurement (SEM), potential confounding factors (gender, joint hyperlaxity, and measurement order) affecting the instrument's reliability (limits of agreement), and collinearity between the PHE items were determined (variation inflation factor analysis and hierarchical clustering of correlation coefficients). Results: The intrarater and inter-rater reliabilities of the PHE were good for 12 of 14 items (86%; r ¼ 0.67-0.90). Absolute SEM varied between 2.01 and 9.23 mm. The percentage of shifts of at least 2 classes in a repeated measurement was <15%. Cluster analysis identified 6 clusters of hand items. Discussion: The reliability for nearly all PHE items is good. Measurement errors were substantial relative to variances in the reference population, but not to gender, joint laxity and order of administration. Clustering into 6 seperated clusters of items was possible. Conclusions: The PHE fulfills many of the criteria for screening of anthropometrics of the hand. Its reliability is high. The SEM might be improved with future adaptations toward a digital photographic PHE. Reduction to 6 items seems also possible.
Introduction
The lifetime prevalence of musculoskeletal problems of the upper extremities in professions involving intensive or repetitive manual work, including desktop workers, dental hygienists, [1] [2] [3] [4] professional sportsmen, [5] [6] [7] and musicians, is high (up to 55%). 8, 9 These problems frequently interfere seriously with work performance and even with careers. 10 Much research has been performed among professional musicians because of the extreme physical demands musicianship may make on upper extremities, particularly on the hands. 8, 9, 11, 12 For example, studies have reported frequencies of bimanual finger movements up to 1800 per minute among pianists or extreme finger positions among violinists during many hours of exercise. 13 If musicians have unfavorable anthropometric hand features, like hand and finger sizes, [14] [15] [16] these high upper extremity work demands may amplify biomechanical stresses of the hand and fingers, and many hours of playing increase exposure time to this stress. 14 Relationships have been reported between anthropometric features of the hand and playing-related pain. [17] [18] [19] [20] [21] [22] However, 2 systematic reviews among musicians 12, 23 found no consistent results regarding these features, which might be due to the diversity of anthropometric aspects they included. Screening of the anthropometric features of the manual workers' hands would seem to be a relevant step in the diagnostic process for hand problems in various populations of manual workers. This screening method should be valid, reliable, unambiguous, and not time consuming. One such clinical assessment tool for the screening of anthropometric features of musicians' hands has been described by Wagner. 14 This tool, the Practical
Hand Evaluation (PHE), consists of 14 items regarding the size of the hand and the distances between the fingertips, which can be measured with ruler, pencil, and paper within 10 minutes. The PHE has been used to calculate percentiles for the individual anthropometric hand characteristics from a large sample of professional German musicians. This yielded associations between musculoskeletal hand complaints (MSHCs) and certain hand measurements, such as a small span between thumb and little finger in pianists. 15 However, none of the psychometric values of the PHE have been established, for example, the intrarater and inter-rater reliability and standard error of measurement (SEM), as these are priorities when establishing the clinical utility of any instrument. The goal of this study was therefore to determine if the PHE is a reliable screening instrument for the anthropometric features of the hand. Moreover, we assumed that assessing all 14 items of the PHE might yield redundant information about the anthropometric values of the hand, and reducing the number of items might enhance its clinical usability as a screening instrument. We therefore examined whether reduction of items was statistically feasible. We also studied the influence of potential confounding factors on the reliability of the PHE.
Subsidiary goals were as follows:
1. Testing the intrarater and inter-rater reliability for the PHE items. 2. Testing the measurement error and the potential impact of this measurement error on the classification of PHE items. 3. Testing the influence of gender, joint hyperlaxity, and measurement order on the reliability. 4. Exploring the feasibility of reducing the number of items in the PHE.
Method

Study design and participants
We conducted a psychometric study. The study used 2 types of participants; rater participants and subject participants (from whom the hand features were measured). Subject participants included third-year physical therapy students and staff of the Hanze University of Applied Sciences in Groningen (the Netherlands), recruited in 2016 and 2017. Information was provided via an explanatory letter, with additional oral information as needed. Subject participants were eligible if they were 17-50 years; had no self-reported pathology, disorders, or complaints of the right hand; and were able to fill out the questionnaire (English or Dutch version). All subjects gave informed consent. The medical ethics committee (METc 2016/220) decided that no formal approval was required. The guidelines for reporting reliability and agreement studies were used for conducting and reporting of the study. 24 
Procedure
The test conditions were kept as constant as possible, including room temperature and acclimatization of the participants for at least half an hour before test administration to minimize the influence of unwarranted sources of bias. The raters received training from one of the authors (KHW, with appr.20 years of experience as a hand rehabilitation physician), with approximately 20 years of experience as a hand rehabilitation physician, to optimize the consistency of the test procedure. Training consisted of two 2-hour sessions for practical instruction on the assessment procedure, exercising, and receiving feedback until the raters had mastered the procedure. Tests were independently administered by 6 fixed couples of raters. The right hand of each of the subject participants was assessed in 4 measurements on 2 days by a rater couple (referred later as rater A and rater B). On the first day, the subject participant was measured by each of the 2 raters, with an interval of approximately half an hour, to calculate inter-rater reliability at short intervals (rater A À 30 minutes À rater B) (Fig. 1) . Two to three weeks later, subjects were measured again by the same rater couple to establish intrarater and inter-rater reliability at long intervals (Fig. 1) . The raters were blinded for their own and other raters' results.
On day 1, the procedure started by having each subject participant complete a short questionnaire to check the eligibility criteria for the study and to collect information on language, age, gender, hand dominance, and body height. Joint hyperlaxity of each participant was assessed to determine its possible influence on the reliability of the PHE (see later). This was done on day 1 by the first rater. Subsequently, the hand characteristics were assessed: participants were sitting in a stable but relaxed position behind a table in a quiet room, with rater A or B sitting across the same table. Rater A or B marked the center of the participants' fingertips with removable ink to enable optimal measurement. Raters A and B simultaneously measured 2 subject participants in different rooms (round 1). Half an hour after the assessment, the subject participants were retested in the other room by the other researcher (round 2). All marking points on the fingertips were removed before the subject participants entered the next room. Subject participants were instructed not to correct the other rater if they noticed differences in test performance. After 2-3 weeks, the Fig. 1. (A, B) Schedule of measurements by the 6 rater couples.
procedure was repeated with the same rater couple for each subject participant. Before the second assessment, subject participants completed a short questionnaire to assess if their situation had been stable since the previous measurements, and if there were reasons for exclusion from the retest due to hand problems. The orders of measurement for 1 rater couple on the 2 days were as follows: ABAB, BABA, ABBA, or BAAB. A percentage of the subject participants were tested using either the same order of items (for the particular rater couple) or in reversed order to determine the influence on the measurement error.
The 12 raters involved measured 2 groups, 1 in 2016 and 1 in 2017. This was done because there were actually 2 consecutive studies with partially different study goals. Because the 6 raters of the second study tested the PHE items against another (photographic) assessment procedure, they assessed only 4 of the 14 hand-related items of the PHE (span 1-5, span 2-5, difference 1-3, and hand length). We assumed that these items were representative of the clusters of PHE items that might be most clinically relevant in screening hand anthropometrics. The other 10 PHE items were not included in the second study, resulting in a smaller number of participants for testing the reliability values of these 10 items (Table 1) . Fig. 2 ).
Measures
Joint laxity
Joint laxity was assessed twice on day 1 by both raters independently by applying the 5 criteria developed by Beighton. 25 The
Beighton score is a simple 9-point system to quantify joint laxity (score, 0-9); higher scores mean more laxity, and a score of 4 or higher is interpreted as hyperlaxity. 25 One point is scored if the subject can place their palms on the ground (with legs straight) while standing bent forward, 1 point is given for each elbow and each knee that bends backward, 1 point for each thumb that touches the forearm when bent backward, and 1 point for each little finger that bends backward for more than 90 .
Data analysis
Demographic characteristics are presented as mean and standard deviation (SD; for interval/ratio data) or percentages (for dichotomized data). The percentage of missing data among the PHE items was calculated over the total of measurements per item: percentages 3% were judged as acceptable, between 3% and 15% as doubtful, and >15% as not acceptable. 26 Missing data were handled via pairwise deletion; a particular case was used if it had a missing value when analyzing other variables with nonmissing values.
Reliability
Reliability was assessed using 1-way random intraclass correlation coefficients (ICCs) because of the multiple raters, with 95% confidence intervals. Intrarater and inter-rater reliabilities were analyzed using ICC for continuous data if data were normally distributed. 27 Normality of data distribution was checked visually via histograms for each of the 14 different PHE items and also for these items when calculated for each of the 3 factors separately. Spearman rho and ICC were both determined if data were not normally distributed. More specifically, we used the ICC 1-way random-effects absolute agreement (single measurement) for the inter-rater reliability because the different rater couples rated different participants (Table 1) . For intrarater reliability, we opted for the ICC 2-way mixed-effects absolute agreement (single measurement). 28 Interpretation of the ICC for reliability measures was as follows: <0.50 ¼ poor, 0.50 x < 0.75 ¼ moderate, 0.75 x < 0.90 ¼ good, and !0.90 ¼ excellent. 29 Spearman's rho for the items with non-normal distribution differed very little (<0.02) from the ICCs. For reasons of clarity, only ICCs are presented here.
Inter-rater reliability short (within day 1; assessment moment 1-2) and inter-rater reliability long (for more than 2 days; assessment moment 1-3 or 1-4) were both determined.
Measurement error
The measurement error between 2 raters on 2 different days was calculated in 2 ways: the absolute error of measurement (SEM) and the shift percentage of the measurement error (percentage of shifts). The latter represents the chance that a particular PHE item of a subject participant will end up in a different category when rated by the second rater. SEM and coefficient of variation were assessed using SD : ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi 1 À inter À rater reliability short p 30 and SD/ mean, respectively. Percentage of shifts was estimated in 3 steps. First, the percentile data of the sample used by Wagner 14 were divided into 7 categories: extremely small if x P5; very small if P5 < x P10; small if P10 < x P30; average if P30 < x P70, large if P70 < x P90; very large if P90 < x < P95; and extremely large if x ! P95. Second, test scores were converted into these categories based on the reference tables provided by Wagner. 14 Third, we calculated by how many classes each subject had shifted. Finally, we determined the percentage with a shift of !2 categories. We assumed that a shift of !2 of 7 percentile categories was a relevant shift in percentile categories erroring clinical practice. We defined a shift percentage of <5% as acceptable, one of 5% x < 10% as substantial and one of !10% as large. 
Potential confounding factors
To evaluate potential influences on the reliability, the data set was stratified on gender, joint hyperlaxity, and item order. For each stratified group within each potential confounding factors, 1-way random ICCs were calculated for the 2 measurements on the first day. Differences in ICCs were visually evaluated to see if a pattern would emerge, and if they fell into identical interpretation classes as defined by Portney and Watkins. 29 These interpretation classes were used as a reference to determine whether reliability within a particular group would be different from that within another group. Differences that imply going from the poor to the good or excellent interpretation class were considered unacceptable. To investigate the influence of possible stretch and/ or training effects, the differences between the first and second measurements on the first day were assessed using limits of agreement (LoA). The LoA was defined as the mean difference AE1.96 SD of differences between measurements on days 1 and 2.
Item reduction
Two types of analyses were done to identify collinearity and possibilities for further item reduction. First of all, the variation inflation factor (VIF) with a cutoff of 5 was used for stepwise elimination of items, which could be predicted by other items. In addition, hierarchical clustering of correlation coefficients was used to group correlating items together. Correlation plots for different numbers of clusters were visually inspected for their fit. 31 Possible item reduction was analyzed using the crude data set as well as data adjusted for hand length.
All data were analyzed using the R software environment, version 3.3.1. 32 Level of significance was set at P .05, 2-tailed.
Results
About 117 subject participants enrolled in this study; 62 in 2016 and 55 in 2017 (Table 2) . No eligible subject participants refused to participate, and no dropouts were identified during the study.
The percentage of missing data per PHE item was acceptable for 11 of 14 items (78.6%), doubtful for 2 of 14 items (14.3%), and not acceptable for 1 item (span 3-4; 7.1%). The latter was caused by the fact that 16 participants were unable to perform the hand position of span 3-4 item.
Reliability
ICCs for intrarater, inter-rater short , and inter-rater long reliability were interpreted as excellent in 14.3%, 14.3%, and 0%, respectively; as good in 78.6%, 85.7%, and 92.9%, respectively; and as moderate in 7.1%, 0%, and 7.1%, respectively; poor reliability was not found (Table 3) . Moderate reliability was found for the inter-rater reliability for span 1-5 item and for 3 of 4 values for span 3-4 item. ICCs for intrarater reliability were generally higher than those for the inter-rater reliability. In terms of the classification of Nunally and Bernstein, 33 most ICCs are in the !0.80 range, indicating that the PHE is reliable for use as a screening instrument to assess anthropometric features and flexibility/stiffness of the hand.
Measurement error
SEM ranged from 2.4 to 8.4 mm for the total sample ( Table 4 ). The percentage of shifts by !2 categories was between 9.4% and 21.0% in the whole study sample. A shift in the PHE percentiles classification of !2 categories was found in <5% for 0 items, in 5% x < 10% for 4 items (28.6%), in 10% x < 15% for 10 items (71.4%), and in !15% for 0 items.
Potential confounding factors
Stratification for gender, joint hyperlaxity, and item order revealed neither major shifts in interpretation classes between categories for these factors nor any significant differences between the 2 rating moments on day 1 (Table 5) . Nor did the LoA showed any consistent differences between the raters over all items (range, À2.5 to 1.1 mm), with a random error between 5.7 and 22.0 mm.
The general tendency was that the ICCs among the various stratified groups were all in the same range. Some substantial differences in ICCs were observed (Table 5) , for example, a lower reliability for difference 3-5 item in women (which might be related to smaller hand size) and measurements related to the fourth finger in subject participants with hyperlaxity. In combination with a contrary of higher ICCs for other PHE items in case of hyperlaxity, the latter difference might be statistically based.
Item reduction
Stepwise backward elimination of items based on the VIF revealed multiple redundant items in the crude and adjusted data set ( Table 6 ). Three of these items concerned measuring the span between the thumb and other digits. This might indicate that all thumb span items provide similar information about the flexibility of the thumb.
Hierarchal clustering of correlation coefficients using various numbers of clusters was visually inspected. Six clusters digit (dig. 1 cluster, dig. 5 cluster, dig. 2-4 cluster, hand size cluster, difference 3-5 cluster, and difference 1-3 cluster) seemed to best fit the correlation plot in the crude and adjusted data sets (Fig. 3) . Three of these clusters seemed related to hand/finger size. Three other clusters showed high correlations with span items containing a similar joint. Items related to the thumb and little finger particularly stood out.
Discussion
This study demonstrated good reliability for nearly all PHE items. Measurement errors, however, were substantial relative to variances in the reference population. Variables that were assumed to be of potential influence on the reliability of the PHE (gender, joint laxity, and order of administration) showed no substantial influence. Items could be statistically clustered into 6 separate clusters. The clusters thus identified seem to be physiologically plausible with respect to hand function. Our findings suggest that the PHE meets many of the criteria for screening. The clinical applicability may be increased in the future by using a short version of the PHE, based on our proposed item reduction.
Reliability
This is the first study to present reliability parameters for a practical screening of anthropometric features of the hand. Previously, the test-retest reliability (with 1 rater) and measurement error of hand radiographs were found to be excellent (ICCs, 0.99). 5 However, the radiographic method has disadvantages of cost, time, radiation load, and the availability of the X-ray equipment. These ICCs should be viewed critically as clinical practice has to deal with different X-rays interpreters, thus dealing with 2 sources of systematic errors. Moreover, with the X-ray method, only anthropometric values were determined, whereas the PHE measures a combination of anthropometric aspects and hand flexibility. ICC ¼ intraclass correlation coefficient; 95% CI ¼ 95% confidence interval; Interrater short ¼ inter-rater reliability within day 1; Inter-rater long ¼ inter-rater reliability between days 1 and 2. Bold rows are coefficients based on 117 participants; otherwise, analysis was done on 62 participants. 
Measurement error
It remains unclear from our study what the clinical relevance of the measurement error might be. We assume that only extreme values of a particular PHE item in a manual worker individual might correlate with MSHC: extremely small hands might be easily overstretched, and extremely large hands might be positioned less efficiently or accurately. Hence, the risk of misclassification of a particular measurement toward the extremes (due to SEM), whereas the actual value is in the midrange of the reference values, should be minimal. The same applies to the shift from an extreme to a midrange category. Thus, although the SEM might be regarded as relatively small, the percentage of shifts (taking the measured value plus or minus SEM into account) relative to reference categories for a larger sample of participants 14 appears to be substantial. On the other hand, Wagner 34 indicated that the items of the PHE together form a hand profile of features, and it is not clear whether a harmonic hand profile (ie, the measurement values of 1 hand are within the same or adjoining category) can shift to a disharmonic hand profile (ie, with some values in the upper extreme and others in the lower extreme) due to measurement error. A substantial percentage of shifts implies a lower specificity of the PHE, with a possibly substantial number of falsepositive or false-negative values due to measurement error. This is not an a priori argument against using the PHE as a screening instrument in hand therapy, but in view of the interindividual variability between measurements, care should be taken when interpreting results on an individual basis. The combination of high ICCs and substantial SEM might be interpreted as arguments against the use of the PHE as a screening instrument for hand features. However, the ICCs indicate that the instrument's reliability is sufficient to use it for screening. 33 Moreover, the SEM is a statistical criterion for the maximum difference among measurements at group level, with a 95% certainty that the difference found is a true difference due to differences between the test and retest situation. The percentage of shifts in classification found in this study might therefore be interpreted as a conservative interpretation of the instrument's reliability. The interpretation of a combination of high ICCs and substantial SEM is common in human research. In detailed testing, as is the case with the PHE, a substantial SEM cannot be ignored for screening at the level of the individual. 35 A way to reduce SEM is repeated measurement, for example, as shown in repeated vs mono blood pressure measurement.
36 Table 6 Data of stepwise backward elimination of item based on collinearity (VIF score)
Crude (not adjusted for hand length) Item Adjusted for hand length
Step 1
Step 2
Step 3
Step 4
Step 5
Step 1 Limits of agreement between the first and second measurements on the first day. Bold rows have coefficients based on 117 participants; otherwise, analysis was done on 62 participants. a Paired sample t test between scores during first and second measurements on the first day were not significant for all items.
Potential confounding factors
In contrast to our initial assumptions, we did not find any substantial influence of the factors of gender, hyperlaxity, and order of administration. Because the sample data in the studies by Wagner 14, 34 were categorized according to gender, we wanted to know if reliability differed between men and women. The gender factor consisted of 2 characteristics, viz, hand size and percentage of hyperlaxity, which might be relevant in this respect. Women generally have smaller hands than men, and among women, there is a higher percentage of hyperlaxity (both in the general population and in our study sample). The possible influence of differences in hand size is discussed previously. The presence of hyperlaxity showed no substantial influence on reliability. Together with our finding that the reliability of the PHE is not influenced by the order of item administration (due to stretching effects), the absence of an influence of these factors simplifies the test instructions for future raters. This is another advantage of the PHE when used in screening situations. No statistical differences were found between the first and second measurements on the first day, suggesting limited effects of training and stretching on the second measurement.
Item reduction
Although a number of subjects failed to meet the requirements for a full analysis on possible item reduction, an exploratory analysis was done to evaluate clustering among PHE items. Stepwise elimination of items based on the VIF showed that span items that included the thumb had high collinearity. What these scores have in common is thumb length and flexibility of the thumb joint. This might indicate that these components make major contributions to the span items. All thumb-related items might thus be replaced by a single item span 1-2 or span 1-5, depending on clinical task relevance. Hierarchical clustering of correlation coefficients of items supported this hypothesis. In addition to dig. 1 cluster, other clusters with assumed clinical relevance were also identified. Three of them were related to span and 3 others to hand/finger size. Scores adjusted for hand length showed more distinctive clustering compared with crude scores, so hand length might be an underlying confounding factor that needs to be corrected for in future use. Similarly, no clinical interpretation is as yet available of individual or combined scores in terms of specific symptoms. Wagner 14, 34 suggested that some individual items might be associated with specific pain features, for instance, pianists with span 1-5, which is too small to reach a full octave on a regular piano. But disharmony between multiple item percentile scores could also be an indicator of hand feature deficiencies. In conclusion, our preliminary analysis yielded some starting points for reducing the number of items in the PHE even further. Both statistical clustering and clinical predictability should be kept in mind when restructuring items of the PHE for future research.
Strengths and limitations
The design of our study was chosen so as to maximize the reliability of the study. 31 In theory, reliability measures may display variation arising from several sources; the number of participants and number of measurements, the ranges between the minimum and maximum values of the data, the measurement instrument itself, the raters, the participants, the circumstances under which the measurements are made, and random factors. 26 Three of these aspects are discussed successively later. One of the strengths of this study was the large number of participants. However, data for 10 of 14 PHE items were based on only 62 of the 117 participants; if it had been based on more participants, even higher ICCs for these items might have been found. The range from the minimum to maximum number of millimeters per item differed substantially. It can be assumed that for the smallest distances (eg, difference dig. [3] [4] [5] , the impact of the SEM could be bigger than for larger distances (eg, difference dig. 1-5) as the rater cannot reduce the measurement error below a certain number of millimeters (eg, due to minor changes in the position of the pen while marking the distance on paper). Thus, the potential impact of the SEM on the reliability of the 2 items with the smallest mean distance (ie, differences dig. 3-5 and dig. 2-3) can be assumed to be bigger than its impact for other PHE items. The potential impact of the SEM on the reliability of most items was substantial, with a slight tendency toward lower ICCs and higher percentages of shifts for the 2 aforementioned items with small mean distances. The subject participants were healthy Dutch volunteers and aged between 17 and 50 years. Although this had the advantage of a relatively homogeneous study sample, the generalizability of the findings toward other populations might be limited to some degree. Our population was taller than the reference population from Germany. 14 As smaller hands may increase the impact of the shift percentage due to SEM, this may reduce the clinical applicability. Because our study excluded patients with MSHC, it is not clear to what extent the reliability of the PHE may be generalized to the population of patients with MSHC. The raters were extensively instructed, and we assume that this instruction has greatly benefited the reliability of the study.
Clinical implications
A systematic approach to the examination of the hand increases the chance of detecting anthropometric hand features that might relevantly interfere with the desired high level of hand functioning [14] [15] [16] or that might pose a risk for the development of MSC.
The PHE can be used for research purposes at group level, in view of its high ICCs. The PHE can also be used for individual screening of hand profiles, despite the substantial SEM, as the 14 PHE items together contain redundant information (as shown by our VIF analysis). Thus, the impact of the substantial SEM will be reduced in an individual screening if all 14 items are assessed together. At this stage of the development of the PHE, the individual items of the PHE alone should not be used for the assessment of individual anthropometric hand features. Reducing the SEM will be needed to overcome this shortcoming.
Future research
As stated previously, in future studies, the reliability of the PHE might be improved by having each rater measure each item 2 or 3 times. Further research might consider determining the reliability of a digital photographic alternative for the manually measured PHE procedure. In combination with a reduction in the number of PHE items, such a photographic PHE procedure could meet more of the criteria for a screening instrument because of fewer false-positive or false-negative findings, even if repeated photographs are needed. Another suggestion for further research might be a prospective study of the correlation of the difference between harmonic and disharmonic hand profiles and the prevalence of MSC of the hand. Although a causal relation seems plausible, there is so far no evidence about the so-called at risk hand profiles for MSC of the hand when combined to specific work demands.
Conclusion
Results of this study showed that the observed agreement in test-retest administration of the PHE within and between raters was high for most PHE items. Among the items, the reliability of measuring span 3-4 showed the lowest agreement. Measurement errors were substantial relative to variances found in a reference population. Our results, however, suggest that the PHE is a suitable instrument for the screening of anthropometric hand features. Gender, joint hyperlaxity, and order of administration did not substantially influence its reliability. Statistical clustering of items was possible for several items of the PHE, with 6 clusters that seem to be physiologically plausible with respect to hand function. Together, these results suggest that the PHE meets many of the criteria for screening. Clinical value might be further improved by item reduction.
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